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Summary 
 
Hemp (Cannabis sativa L.) contains a wide range of biocompounds with different beneficial properties such as anti-
inflammatory, antithrombotic, antiarrhythmic, hypolipidemic and antioxidative. Response Surface Methodology (RSM) 
coupled with Box-Behnken design (BBD) was applied to determine the influence of extraction temperature, liquid to solid 
ratio, extraction time, rotational speed and ethanol/water solvent ratios at three levels on the solid-liquid extraction of the 
bioactives from the hemp (flowers, leaves, seeds, stems). Based on the obtained results, liquid to solid ratio, temperature and 
ethanol/water solvent ratio had statistically significant effects on the total polyphenolic content (TPC), while extraction time 
and rotational speed had no influence on the TPC extraction. Regarding antioxidant activity (AOX) determined by the DPPH 
method, only liquid to solid ratio had a statistically significant effect. Liquid to solid ratio, ethanol/water solvent ratio, 
temperature and rotational speed significantly influenced AOX determined by the FRAP method. According to BBD, the 
optimum extraction conditions were as follows: extraction temperature 45 °C, liquid to solid ratio 30 mL/g, extraction time  
25 min, rotational speed 500 rpm, ethanol/water solvent ratio 25%. RSM coupled with a BBD model was shown to be effective 
for optimization the solid-liquid extraction of hemp. 
 




Hemp (Cannabis sativa L.) is a herbaceous plant of 
the Cannabaceae family that grows in diverse 
climates all over the world (Kostić et al., 2013). It has 
been cultivated for a long time for medicinal and 
food purposes, together with its use as a source of 
textile fibre. The genus Cannabis has been divided 
into three main species: (i) Cannabis sativa L., a 
fibre-type one, rich of cannabidiol (CBD), (ii) 
Cannabis indica Lam., a drug-type one, characterised 
by high levels of the psychoactive compound Δ9-
tetrahydrocannabinol (Δ9-THC) and (iii) Cannabis 
ruderalis Janisch with intermediate properties 
(Appendino et al., 2011; Thomas and ElSohly, 2015; 
Hartsel et al., 2016; Pellati et al., 2018). 
Several chemical classes that have been identified in 
C. sativa are: terpenes, carbohydrates, fatty acids and 
their esters, amides, amines, phytosterols, phenolic 
compounds and cannabinoids. Among them, 
cannabidiol represents the most valuable one from 
the pharmaceutical point of view, since it has been 
found to possess a high antioxidant and anti-
inflammatory activity, together with antibiotic, 
neuroprotective, anxiolytic, and anticonvulsant 
properties (Pellati et al., 2018). Regarding phenolic 
compounds present in C. sativa, several flavonoids 
have been identified, belonging mainly to flavones 
and flavonols (Pollastro et al., 2018). Most of these 
compounds have a wide range of different properties 
such as anti-inflammatory, neuroprotective, 
anticancer and antioxidative (Andre et al., 2016). 
Extraction procedure is a primary step for 
identification and quantification of chemical 
compounds from plant materials. Many conventional 
methods can be used to extract these compounds, 
such as solid-liquid extraction and heated reflux 
extraction. In addition, a number of advanced 
methods, such as ultrasound-assisted extraction, 
microwave-assisted extraction, supercritical fluid 
extraction, accelerated solvent extraction, or high 
hydrostatic pressure extraction are also applied in the 
extraction of different compounds (Xu et al., 2017). 
Among them, solid-liquid extraction represents the 
most commonly used method for extracting phenolics 
from various plants. Many parameters, such as 
solvent concentration, extraction time, temperature, 
pH, liquid/solid ratio and particle size, may 
significantly influence the solid-liquid extraction 
(Radojković et al., 2012; Xu et al., 2017; Tchabo et 
al., 2018). These parameters should be taken into 
consideration in order to attain the optimal/highest 
extraction efficiency (Sifaoui et al., 2016). In order to 
optimize parameters of extraction process, Response 
Surface Methodology (RSM) has been widely used. 
RSM is a statistical method for evaluating multiple 
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process parameters and their interactions using 
quantitative data, optimizing complex extraction 
procedures, thus reducing the number of 
experimental trials required. RSM methodology 
combines mathematical and statistical techniques for 
designing experiments, building models, evaluating 
effects of experimental parameters and searching 
optimum condition of parameters for desirable 
responses (Liu et al., 2015). Box-Behnken design 
(BBD), as a part of RSM, has been generally used in 
various experiments to investigate the impact of more 
factors at three levels with the ability of effective 
evaluation of the coefficients of first- and second-
order mathematical models (Bezerra et al., 2008). 
Bioactive compounds present in industrial hemp have 
received more and more attention by the biochemical 
and nutritional researchers due to their biological 
activities and health function in health-care food or 
medicine, especially their antioxidant, anti-ultraviolet 
radiation, and antibacterial effects (Wang et al., 2014; 
Cao et al., 2017). These antioxidant activities make 
this plant important for oil, food, pharmaceutical, 
cosmetics and fiber industries (Kolodziejczyk et al., 
2012; Shahid-ul-Islam et al., 2013; Sarasini and 
Fiore, 2018).  These industries are dependent on 
various extraction processes. Since many factors can 
influence the efficiency of antioxidants extractions 
from the plant matrices, an individual approach for 
extraction and optimization is required. There is no 
universal extraction and optimization technique, due 
to the diversity of bioactive compounds (Silva et al., 
2007; Majeed et al., 2016). 
Having in mind the above mentioned, the aim of this 
study was to apply the Response Surface 
Methodology (RSM) approach, coupled with Box-
Behnken design (BBD), to optimize the ethanol/water 
solvent extraction of bioactive components from 
industrial hemp considering the following variable 
extraction parameters: extraction temperature, liquid 
to solid ratio, extraction time, rotational speed and 
ethanol/water solvent ratios. Analysis of Variance 
(ANOVA) was used to evaluate the significance of 
the extraction parameters on the total polyphenolic 
content (TPC) and antioxidant activity (AOX) of the 
obtained hemp extracts. 
 






Dried industrial hemp (Cannabis sativa L.) (flowers, 
leaves, seeds, stems) was purchased from local 
producer (OPG Levačić, Prelog, Croatia). The plant 
material was collected in the north-western part of 
Croatia (Međimurje), 2018, dried naturally, and the 
final dry matter content of the lot was 91.03%. 
 
Chemicals and reagents 
 
Folin-Ciocalteu reagent and sodium carbonate were 
purchased from Kemika (Zagreb, Croatia). Gallic 
acid (3,4,5-trihydroxybenzoic acid) and iron(II) 
sulfate heptahydrate were obtained from Aldrich 
(Sigma–Aldrich, Chemie, Steinheim, Germany). 
DPPH (2,2-diphenyl-1-picrylhydrazyl) and Trolox 
(6-hydroxy-2,5,7,8-tetra methylchromane-2-
carboxylic acid) was obtained from Fluka (Buchs, 
Switzerland). Methanol was obtained from J.T. Baker 
(Deventer, The Netherlands). Hydrochloric acid was 
obtained from Carlo Erba Reagents (Val de Reuil, 
France). Acetic acid was purchased from T.T.T. 
d.o.o. (Novaki, Sv. Nedelja, Croatia). Sodium acetate 
trihydrate, iron(III) chloride hexahydrate and ethanol 
(96%) were purchased from Gram-Mol (Zagreb, 
Croatia). TPTZ (2,4,6-Tris(2-pyridyl)-1,3,5-triazine) 
was obtained from Sigma (Buchs, Switzerland). 




Design of experiments 
 
Response Surface Methodology (RSM) was used for 
investigating the influence of five independent 
variables (extraction parameters) on the chemical 
characteristics (total polyphenolic content and 
antioxidant activity) of the hemp extracts. The 
experiment was performed using Box-Behnken 
experimental design. The main parameters affecting 
solid-liquid extraction including liquid to solid ratio 
(10, 30, 50 mL/g), ethanol content (0, 25, 50 %), 
temperature (30, 45, 60 °C), extraction time (5, 25, 
45 min) and rotational speed (250, 500, 750 rpm) 
were selected as independent variables that should be 
optimized. The resulting experimental design 
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Table 1. Response Surface Methodology, coupled with Box-Behnken experimental design 
 
Experiment No. 









1 10 (-1) 0 (-1) 45 (0) 25 (0) 500 (0) 
2 50 (+1) 0 (-1) 45 (0) 25 (0) 500 (0) 
3 10 (-1) 50 (+1) 45 (0) 25 (0) 500 (0) 
4 50 (+1) 50 (+1) 45 (0) 25 (0) 500 (0) 
5 30 (0) 25 (0) 30 (-1) 5 (-1) 500 (0) 
6 30 (0) 25 (0) 60 (+1) 5 (-1) 500 (0) 
7 30 (0) 25 (0) 30 (-1) 45 (+1) 500 (0) 
8 30 (0) 25 (0) 60 (+1) 45 (+1) 500 (0) 
9 30 (0) 0 (-1) 45 (0) 25 (0) 250 (-1) 
10 30 (0) 50 (+1) 45 (0) 25 (0) 250 (-1) 
11 30 (0) 0 (-1) 45 (0) 25 (0) 750 (+1) 
12 30 (0) 50 (+1) 45 (0) 25 (0) 750 (+1) 
13 10 (-1) 25 (0) 30 (-1) 25 (0) 500 (0) 
14 50 (+1) 25 (0) 30 (-1) 25 (0) 500 (0) 
15 10 (-1) 25 (0) 60 (+1) 25 (0) 500 (0) 
16 50 (+1) 25 (0) 60 (+1) 25 (0) 500 (0) 
17 30 (0) 25 (0) 45 (0) 5 (-1) 250 (-1) 
18 30 (0) 25 (0) 45 (0) 45 (+1) 250 (-1) 
19 30 (0) 25 (0) 45 (0) 5 (-1) 750 (+1) 
20 30 (0) 25 (0) 45 (0) 45 (+1) 750 (+1) 
21 30 (0) 25 (0) 45 (0) 25 (0) 500 (0) 
22 30 (0) 25 (0) 45 (0) 25 (0) 500 (0) 
23 30 (0) 25 (0) 45 (0) 25 (0) 500 (0) 
24 30 (0) 0 (-1) 30 (-1) 25 (0) 500 (0) 
25 30 (0) 50 (+1) 30 (-1) 25 (0) 500 (0) 
26 30 (0) 0 (-1) 60 (+1) 25 (0) 500 (0) 
27 30 (0) 50 (+1) 60 (+1) 25 (0) 500 (0) 
28 10 (-1) 25 (0) 45 (0) 5 (-1) 500 (0) 
29 50 (+1) 25 (0) 45 (0) 5 (-1) 500 (0) 
30 10 (-1) 25 (0) 45 (0) 45 (+1) 500 (0) 
31 50 (+1) 25 (0) 45 (0) 45 (+1) 500 (0) 
32 30 (0) 25 (0) 30 (-1) 25 (0) 250 (-1) 
33 30 (0) 25 (0) 60 (+1) 25 (0) 250 (-1) 
34 30 (0) 25 (0) 30 (-1) 25 (0) 750 (+1) 
35 30 (0) 25 (0) 60 (+1) 25 (0) 750 (+1) 
36 10 (-1) 25 (0) 45 (0) 25 (0) 250 (-1) 
37 50 (+1) 25 (0) 45 (0) 25 (0) 250 (-1) 
38 10 (-1) 25 (0) 45 (0) 25 (0) 750 (+1) 
39 50 (+1) 25 (0) 45 (0) 25 (0) 750 (+1) 
40 30 (0) 0 (-1) 45 (0) 5 (-1) 500 (0) 
41 30 (0) 50 (+1) 45 (0) 5 (-1) 500 (0) 
42 30 (0) 0 (-1) 45 (0) 45 (+1) 500 (0) 
43 30 (0) 50 (+1) 45 (0) 45 (+1) 500 (0) 
44 30 (0) 25 (0) 45 (0) 25 (0) 500 (0) 
45 30 (0) 25 (0) 45 (0) 25 (0) 500 (0) 
46 30 (0) 25 (0) 45 (0) 25 (0) 500 (0) 
 
 
Solid-liquid extraction of bioactive components from 
the hemp 
 
Solid-liquid extraction was performed according to 
the conditions defined using Box-Behnken 
experimental design (Table 1). Certain mass of dried 
hemp material was placed in a 50 mL glass beaker 
with certain volume of ethanol/water solvent. 
Extraction experiments were performed using 
IkaHBR4 digital oil-bath (IKA-WerkGmbH & 
Co.KG, Staufen, Germany) at defined temperatures, 
at a specified rotational speed, for a given time. After 
extraction, samples were filtered through a 100% 
cellulose filter paper (LLG Labware, Meckenheim, 
Germany) with 20–25 μm pore size and stored at  
4 °C until analyzed (Jurinjak Tušek et al., 2018). 
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Determination of total polyphenolic content and 
antioxidant activity 
 
Total polyphenolic content (TPC) of the hemp 
extracts was determined spectrophotometrically by 
the Folin-Ciocalteu reagent, according to Singleton 
and Rossi (1965). All analyses were performed in 
duplicate and the results were expressed as mg gallic 
acid equivalents (GAE) per gram of dry matter (DM) 
of plant material (Jurinjak Tušek et al., 2016; 
Benković et al., 2017; Valinger et al., 2017). 
Antioxidant activity (AOX) was determined using 
two methods: 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
free radical scavenging method (Brand-Williams et 
al., 1995) and Ferric Reducing Antioxidant Power 
(FRAP) method (Benzie and Strain, 1996). All 
analyses were performed in duplicate and the results 
were expressed as mmol Trolox equivalents per gram 
of dry matter (DM) of plant material and as mmol 
FeSO4 · 7H2O equivalents per gram of dry matter 






Analysis of Variance (ANOVA) was applied to 
determine the influence of individual variables (five 
extraction parameters) simultaneously on output 
variables (total polyphenolic content, antioxidant 
activity) in the ethanol/water solvent extraction of 
bioactives originated from the industrial hemp, with 
significance level of p<0.05. The adequacy of the 
second-order polynomial model was evaluated by the 
coefficient of determination (R2). Experimental 
design and statistical analysis were performed using 
software Statistica v.10.0 (StatSoft Inc., Tulsa, USA). 
 
Results and discussion 
 
Chemical characteristics of the prepared hemp extracts 
 
In this work, parameters of the solid-liquid extraction 
were defined in order to ensure maximum values of 
the total polyphenolic content and antioxidant 
activity (determined by the DPPH and the FRAP 
methods) of the hemp extracts. 
 
 
Fig. 1. The total polyphenolic content (TPC) at different experimental conditions 
 
 
According to the results presented in Fig. 1, maximum 
TPC was extracted in exp. no. 39 (t = 25 min, T = 45 °C, 
750 rpm, ethanol content = 25% and liquid to solid ratio 
= 50 mL/g); TPC = 36.160 mgGAE/gDM which is 4 fold 
higher compared to exp. no. 38 (t = 25 min, T = 45 °C, 
750 rpm, ethanol content = 25% and liquid to solid ratio 
= 10 mL/g); TPC = 9.154 mgGAE/gDM. Experiments no. 
38 and no. 39 differ only in the liquid to solid ratio and it 
can be concluded that higher liquid to solid ratio, the 
greater TPC amount will be extracted (Sifaoui et al., 
2016). Minimum TPC value was obtained in exp. no. 28 
(t = 5 min, T = 45 °C, 500 rpm, ethanol content = 25% 
and liquid to solid ratio = 10 mL/g); TPC = 5.218 
mgGAE/gDM. 
In the study of Drinić et al. (2018), water and ethanol 
content (30%, 50%, 70% and 90%) were used as a 
solvent in the extraction of two different samples of 
hemp (Cannabis sativa L.). It was determined that 
ethanol/water mixture (50%) was the best solvent for the 
extraction of phenolic compounds from both hemp 
samples (TPC = 17.05 mg GAE/gdw and 9.25 mg 
GAE/gdw for young and mature hemp, respectively). 
Regarding this work, higher TPC values were obtained in 
the experiments no. 4, 10, 12, 27, 41, 43 with ethanol 
content = 50%. 
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Cao et al. (2016) investigated optimum conditions of 
microwave-assisted extraction of total flavonoids (TF) 
from powders of hemp leaves. The influence of four 
factors (ethanol concentration: 40, 60, 80 %; liquid to 
solid ratio: 30:1, 35:1, 40:1 mL/g; extraction time: 10, 20, 
30 min; temperature: 50, 60, 70 °C) for maximum 
recovery of TF yield was determined, using Box-
Behnken design. The optimum microwave extraction 
conditions for obtain maximal yield of TF was as 
follows: solvent-to-solid ratio of 31.69 mL/g, extraction 
time of 25.14 min and extraction temperature of 69.96 
°C. The predicted extraction yield of TF was 3.06%, 
which was in accordance with the experimental yield of 
3.04 ± 0.62 %. Our study, together with the study of Cao 
et al. (2016), shows successful application of RSM 
methodology for modeling and optimization of extraction 
process biocompounds originating from hemp material. 
Mkpenie et al. (2012) used organic solvents such as 
methanol, acetone and their 50% aqueous solutions for 
the extraction of C. sativa leaves. Extraction was 
performed on a shaker at room temperature for 2, 8 and 
18 hours. According to the obtained results, different 
solvent extraction systems showed a wide range of 
polyphenols concentration: from 0.09 to 0.556 mg 
(GAE)/gdw, depending on the solvent used. The highest 
TPC levels were achieved using methanol, followed by 
acetone, 50% methanol and 50% acetone. Compared to 
our work, higher TPC values were obtained using 
ethanol/water solvent, with shorter extraction time and 
the whole plant material was used for the extraction 
experiments. 
Jokić et al. (2010) investigated the influence of the 
solvent, temperature and extraction time on the extraction 
yield of total polyphenols from milled soybeans variety 
IKA. The best extraction yield of total polyphenols was 
obtained using 50% aqueous ethanol solution at 50 °C 
after 60 min (TPC = 3.045 mg GAE/gDM), compared to 
the extraction yield of total polyphenols obtained using 
water as a solvent (1.119 mg GAE/gDM). The similar 
results were obtained in this work, in the experiments no. 
26 (t = 25 min, T = 60 °C, 500 rpm, ethanol content = 0% 
and liquid to solid ratio = 30 mL/g);  
TPC = 12.633 mgGAE/gDM and no. 27 (t = 25 min,  
T = 60 °C, 500 rpm, ethanol content = 50% and liquid to 
solid ratio = 30 mL/g); TPC = 22.520 mgGAE/gDM. It can 
be concluded that the combination of water with organic 
solvent will ensure optimal conditions for polyphenols 
extraction from different plant materials  
(Rafiee et al., 2011; Dent et al., 2013). 
 
 
Fig. 2. The antioxidant activity (AOX) determined by the DPPH method, at different experimental conditions 
 
 
Fig. 3. The antioxidant activity (AOX) determined by the FRAP method, at different experimental conditions 
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Regarding AOX determined by the DPPH method 
(Fig. 2), the highest value was obtained in exp. no. 16 
(t = 25 min, T = 60 °C, 500 rpm, ethanol content = 
25% and liquid to solid ratio = 50 mL/g); DPPH = 
0.361 mmolTrolox/gDM while the lowest value was 
determined in experiment no. 28 (t = 5 min, T = 45 
°C, 500 rpm, ethanol content = 25% and liquid to 
solid ratio = 10 mL/g); DPPH = 0.062 
mmolTrolox/gDM. Regarding AOX determined by the 
FRAP method (Fig. 3) the highest value was obtained 
in exp. no. 37 (t = 25 min, T = 45 °C, 250 rpm, 
ethanol content = 25% and liquid to solid ratio = 50 
mL/g); FRAP = 0.059 mmol FeSO4·7H2O/gDM while 
the lowest value was obtained in exp. no. 9 (t = 25 
min, T = 45 °C, 250 rpm, ethanol content = 0% and 
liquid to solid ratio = 30 mL/g); FRAP = 0.001 mmol 
FeSO4·7H2O/gDM. 
In the study of Mkpenie et al. (2012), antioxidant 
activity was determined by reducing power assay and 
it was in the range from 0.202 to 0.866 mg/mL. 
Authors used methanol, acetone and their 50% 
aqueous solutions to perform polyphenols extraction 
from hemp leaves. 
Drinić et al. (2018) expressed antioxidant activity in 
terms of EC50 values. These values were in the range 
from 0.1321 to 0.4353 mg/mL for young hemp and 
from 0.2055 to 0.7563 mg/mL for mature hemp. The 
value of EC50 is inversely related to its antioxidant 
activity and it presents the concentration of the test 
sample which neutralizes 50% of DPPH radicals. The 
lowest value of EC50 means the highest antioxidant 
activity. The highest antioxidant activity was 
obtained with 30% ethanol for young hemp (EC50 = 
0.1321 mg/mL) and 50% ethanol for mature hemp 
(EC50 = 0.2055 mg/mL). 
Compared to our results regarding the antioxidant 
activity with the results of the above mentioned 
authors, it can be concluded that different 
ethanol/water mixtures are better solvents for the 
extraction of polyphenols from industrial hemp. 
 
Optimization of extraction conditions considering 
chemical characteristics of the hemp extracts 
 
In this work, the effects of five factors (extraction 
temperature, liquid to solid ratio, extraction time, 
rotational speed and ethanol/water solvent ratio) on 
the total polyphenolic content (TPC) and antioxidant 
activity (AOX) (determined by the DPPH and the 
FRAP methods) of the hemp extracts were analysed. 
The results of optimization are presented in Fig. 4. 
Based on the obtained results, increment of the liquid 
to solid ratio up to 50 mL/g had significant effect on 
increase in TPC content and AOX determined by the 
DPPH and the FRAP methods. The higher the solvent 
to solid ratio, the higher the total amount of solids 
obtained, which is in accordance with literature data 
(Radojković et al., 2012; Sifaoui et al., 2016). In our 
work, maximum values of TPC, AOX (DPPH) and 
AOX (FRAP) were determined in the experiments 
with liquid to solid ratio 50 mL/g (exp. no. 39, 16 and 
37, respectively) (Figs. 1-3). The extraction 
temperature is an important parameter in process 
optimization since high temperatures may lead to 
degradation of antioxidant compounds (Spigno et al., 
2007; Radojković et al., 2012). In this work, the 
impact of temperature on the TPC, AOX (DPPH) and 
AOX (FRAP) was investigated in the range of 30 °C 
– 60 °C. TPC increased with the increase of 
temperature up to 45 °C after which further 
temperature increase did not cause significant 
changes in the TPC. Maximum TPC value was 
obtained at 45 °C (exp. no. 39) (Fig. 1). Temperature 
increase did not affect AOX determined by the DPPH 
method, but it influenced the AOX determined by the 
FRAP method. Similar values for AOX (FRAP) were 
obtained in exp. no. 27 at T = 60 °C (FRAP = 0.055 
mmol FeSO4·7H2O/gDM), and exp. no. 37 at  
T = 45 °C (FRAP = 0.059 mmol FeSO4·7H2O/gDM), 
although these two experiments differed considering 
temperature, liquid to solid ratio, ethanol content and 
rotational speed (Fig. 3, Table 1). Regarding 
ethanol/water solvent ratio, increase in ethanol 
content from 0% to 50% had a significant effect on 
AOX (FRAP) while it did not influence AOX 
(DPPH) and it had a small influence on the TPC 
content. According to Rostango et al. (2004), it is 
necessary to add a certain amount of water to the 
extraction solvent to improve extraction of phenolics, 
although water content higher than 60% can result in 
reduction of the extraction yield of phenolic 
compounds. The impact of rotational speed on TPC 
and AOX was investigated in the range of 250 – 750 
rpm. The increment of rotational speed did not 
influence on TPC and AOX (DPPH) while it 
influenced AOX (FRAP): in the range of 250 – 500 
rpm values of AOX (FRAP) decreased, but in the 
range of 500 – 750 rpm AOX (FRAP) values 
increased. Extraction time did not affect AOX 
(DPPH) and TPC while it had a minor influence on 
AOX (FRAP): similar AOX determined by the FRAP 
method were obtained for 25 and 45 minutes  
(Fig. 3, Table 1). 
Based on the results from Fig. 4, the optimum 
process conditions for the ethanol/water extraction of 
bioactives from the hemp, with regard to chemical 
properties were: t = 25 min, T = 45 °C, 500 rpm, 
ethanol content = 25% and liquid to solid ratio =  
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30 mL/g with values of the TPC = 13.27 mgGAE/gDM, 
AOX (DPPH) = 0.19 mmolTrolox/gDM, AOX (FRAP) = 
0.02 mmol FeSO4·7H2O/gDM. Optimum experimental 
values for AOX (DPPH) and AOX (FRAP) were 
close to the RSM predicted values while optimum 
experimental value for TPC somehow differed from 
the RSM predicted TPC value. Model predicted 
values were: TPC = 20.69 mgGAE/gDM, AOX (DPPH) 







Fig. 4. Results of the optimization of the solid-liquid extraction of bioactives from industrial hemp  




Analysis of variance (ANOVA) 
 
Analysis of variance (ANOVA) was used to 
investigate the effect of process variables on the 
chemical characteristics of the hemp extracts. 
Regression parameters, together with determination 
coefficients, are presented in Table 2. The results 
indicated that linear parameters were positive for four 
investigated process variables, while the quadratic 
effects of independent variables demonstrated both 
positive and negative effects. The ANOVA for 
independent variables indicated that liquid to solid 
ratio was the most significant factor (p<0.05) 
affecting TPC, AOX (DPPH) and AOX (FRAP). The 
model indicated that liquid to solid ratio had positive 
linear effects on TPC and both antioxidant activities. 
The largest positive linear regression coefficient of 
the liquid to solid ratio was obtained for the TPC 
while the smallest value was obtained for AOX 
(FRAP). Ethanol content and temperature contributed 
significantly to the TPC and AOX (FRAP). On the 
other hand, these two parameters had no significant 
effect on AOX (DPPH). The extraction time did not 
significantly influence the chemical characteristics of 
the hemp extracts (p>0.05). The negative value of 
quadratic regression coefficient of rotational speed 
significantly influenced AOX (FRAP) (p<0.05) while 
this parameter had no effect on the TPC and AOX 
(DPPH).  Considering the values of the linear 
regression coefficients, obtained for independent and 
dependent variables, liquid to solid ratio, ethanol 
content and extraction temperature were perhaps the 
most important factors contributing TPC extraction 
from the hemp using RSM methodology. 
Based on the calculated determination coefficients it 
can be concluded that influence of process variables 
on AOX (FRAP) cannot be described well by the 
developed prediction models (R2 = 0.540). On the 
other hand, determination coefficient calculated for 
AOX (DPPH) was higher than 0.9 (R2 = 0.976), 
indicating a strong relationship between DPPH 
values and investigated process variables while in the 
case of TPC (R2 = 0.603), there is a good relationship 
between the TPC and process variables. 




























































































































Adela Šain et al. / OPTIMIZATION OF ETHANOL/WATER ... (2020) 9 (1) 30-39 
37 
 
Table 2. Regression coefficients and determination coefficients obtained by Box-Behnken experimental design for chemical 
properties of hemp extracts (bold values: p<0.05) 
 
Analysed property Parameter 




Q- quadratic) ± 
standard error 
P R2 R2adj. 
TPC 
(mgGAE/gDM) 








































































































Optimization represents an essential tool in food 
engineering and biotechnology with the aim to yield 
a highly acceptable product. In this work, Response 
Surface Methodology, coupled with Box-Behnken 
design, was applied to determine the optimal 
conditions of the ethanol/water solvent extraction of 
bioactive components from industrial hemp 
investigating some influential parameters such as 
liquid to solid ratio, temperature, ethanol content, 
extraction time and rotational speed. The optimum 
TPC content and antioxidant activity (DPPH and 
FRAP) in the hemp extracts were achieved with 
ethanol/water ratio 25% at 45 °C for 25 min, with 
solvent to plant ratio 30 mL/g and rotational speed 
500 rpm. Under optimized conditions, the obtained 
experimental values agreed with the predicted values. 
According to the ANOVA results, liquid to solid ratio 
significantly influenced TPC, AOX (DPPH) and 
AOX (FRAP), rotational speed had significant 
influence only on AOX (FRAP) while ethanol 
content and temperature contributed significantly to 
the TPC and AOX (FRAP). This research serves as 
the basis for further investigations on the 
optimization of extraction procedure of bioactive 
components and antioxidant activity from industrial 
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